Under proper conditions, one infective center was obtained for 3 X 108 molecules of P22 phage deoxyribonucleic acid (DNA) when lysozyme-ethylenediaminetetraacetic acid spheroplasts of Escherichia coil were transfected in the presence of 25 /Ig of protamine sulfate per ml. A 3-to 50-fold B-specific and K-specific E. coli restriction of the incoming P22 DNA was observed. When P22 DNA-infected E. coli spheroplasts were plated with infertile rLT+ mLT+ Salmonella typhimurium indicator, an additional 70-fold restriction was observed. In the presence of protamine sulfate, penicillin spheroplasts of S. typhimurium SB1330 could be transfected by P22 DNA with efficiencies sometimes approaching those obtained with the E. coli spheroplasts; thus, facilitation of transfection by protamine sulfate is not limited to E. coil or to lysozyme-ethylenediaminetetraacetic acid spheroplasts. The application of these results to studies of transfection among other genuses and to studies of in vitro hostcontrolled restriction and modification for the two loci in S. typhimurium and the one locus in E. coil is discussed.
The recent discovery of a general and efficient transfection assay for Escherichia coli phage deoxyribonucleic acid (DNA) species (2) raised the possibility that transfection might also be achieved with phage DNA derived from another genus. Salmonellae are closely related to escherichiae and are the host for one of the most interesting temperate phages, P22. This report shows that P22 phage DNA will transfect both E. coli lysozyme-ethylenediaminetetraacetic acid (EDTA) and S. typhimurium penicillin spheroplasts under the proper conditions. MATERIALS AND METHODS Phage P22 H5 (a clear-plaque mutant) and the indicator strains S. typhimurium LT-2 his-712 and S. typhimurium LT-7 SBl330 fer strr leu-mutr (10) were a gift of Philip E. Hartman. The his-712 strain gives twice as many P22 plaques as many other LT-2 or LT-7 strains (Hartman, personal communication); this difference in plating efficiency is cor- rected in all of the data presented in the paper. The genotypes rLT+mLT+ and rLT-MLL-were assigned, respectively, to the his-712 strain and the SB1330 strain by measuring the plating efficiency of P22 phage on each host after alternating passages. The following nomenclature will be adopted: rLTmLT symbols refer to the proC-linked S. typhimnurium restriction locus (6) , whereas those with subscripts B and K refer to the thr-linked E. coli loci. In single infection, P22
(rLT-mLT-) phage had a plating efficiency of 2.5 X 10-on rLT+mLT+ indicator. Phage grown on S. typhimurium rLT-mLT-will be designated P22(0) and phage grown on rLT+mLT+ bacteria will be designated P22 (LT The method for preparing lysozyme-EDTA spheroplasts of E. coli W3350 with 25 1Ag of protamine sulfate per ml has been described (2) . Penicillin spheroplasts of S. typhimurium were prepared by the method of Veldhuisen and Goldberg (13) (2) .
Transfection assays were carried out with E. coli spheroplasts as previously described (2) . Penicillin spheroplasts were tested the same way except that about 3,000 units of penicillinase per ml was added to the soft agar (containing indicator and 1% albumin) just before plating. The plaques obtained in this assay were very small, even after 24 hr of incubation at 37 C; the number of plaques was variable. Even in triplicate assays, an accuracy of only i-100% (one standard deviation) was obtained.
RESULTS
Identification of the infective principle as P22 DNA. To establish that P22 DNA and not P22 phage or phage-related structures were the infective agent, the experiments described in Table 1 were performed. Transfection was sensitive to pancreatic deoxyribonuclease and to heat denaturation, whereas it was resistant to prolonged treatment with Pronase and ribonuclease; furthermore, heterologous calf thymus DNA inhibited transfection. In addition, transfection occurred only when protamine sulfate had been added to the spheroplasts. Thus, the infective principle is native P22 phage DNA. 3 X 101°molecules (in 0.4 ml of 0.01 M Tris buffer, pH 8.1) were distributed to tubes at 30 C, 0.4 ml of W3350 spheroplasts was added, and after 10 min the infective centers were plated with rLT-MLT-SB 1330 indicator by using PAM soft agar plus 1%-O Povite albumin. Plaques were scored after 15 hr at 37 C.
Dependence of transfection on DNA concentration. Figure 1 shows a linear dependence of infective center titer on P22 DNA concentration from 4 X 109 to 8 X 1010 molecules/ml. At higher DNA concentrations, a strong inhibition of transfection is observed, similar to the results reported for Ti (9) and lambda DNA (2) transfection. (In the case of lambda DNA, however, inhibition was observed at the lower DNA concentration of 1010 molecules/ml.)
Kinetics of transfection. To show that the assay measured infective centers and not bursts of mature phage from infected cells, the kinetics of transfection was examined (Fig. 2) . A rapid rise of infective centers occurs in the first 3 min and then the number of infective centers stays nearly constant. No more than 10% of the plaques could be accounted for by mature phage (measured after shaking with chloroform to destroy infective centers).
Restriction of P22 transfection by E. coli spheroplasts. (Table 2) .
Restriction ofP22 transfection by S. typhimurium indicator. Table 3 shows that an rLT-mLT-Styphimurium indicator strain was required to obtain good transfection of E. coli spheroplasts; rLT+mLT+ indicator reduces the infective centers by 70-fold. This restriction was independent of S. typhimurium modification of the transfecting DNA. Thus P22 (LT) DNA yields P22(0) DNA during replication in E. coli spheroplasts, and the infective centers become sensitive to restriction by rLT+mLT+ indicator. In the control experiment (Table 2) , P22 phage grown on the rLT-mLT-host were used to infect the rL -mLT strain, and the infective centers were plated on rLT mLT and rLT+mLT+ indicator; the level of restriction in this case was very close to that observed in the transfection assay. Therefore, P22(0) DNA-infected E. coli infective centers behave like P22(0)-infected S. typhimurium rLT mLT cells.
Transfection of penicillin spheroplasts of S. typhimurium SB3130. Table 4 shows that P22 DNA also transfects penicillin spheroplasts of S. typhimuriwn SB1330 in the presence of protamine sulfate; the efficiency of transfection is about onefifth of the optimum obtained with E. coil spheroplasts. The dependence of transfection on DNA concentration is similar to that observed with the E. coli spheroplasts (Fig. 1) rLT-mLT-indicator was used unless otherwise indicated.
centers were plated on rLT+mLT+ his-712 indicator in contrast to the 70-fold restriction observed with E. coli spheroplasts ( Table 3 on the restriction of P22 DNA transfection, which is weaker than restriction of phage (1), by the E. coli B-and K-specific restriction loci roughly agree with these results; however, the large variation in restriction (from 3 Once several systems have been established for transfection among different genera, perhaps some evolutionary relationships will become discernible. The data obtained by Wais and Goldberg (14), who used T4 phage with altered tails to infect different genera, should nicely complement such a tabulation.
